Two new kinds of high molecular bacteriocin, named as clostocins 0 and M, were found in Clostridium saccharoperbutylacetonicum and its related strains. Production of both clostocins was inducible by mitomycin C (MC) or ultraviolet ray. The active clostocins appeared in the bacterial cells at about 105 min after MC-treatment, increased rapidly during next 75 min and then released into the medium with the cell lysis. The clear lysis of 0-and M producing cells was observed at 3.5 hr and 4 hr respectively after MC-treatment.
producing cells was observed at 3.5 hr and 4 hr respectively after MC-treatment.
Clostocin O killed M-producing strains, and clostocin M did 0producing strains. Electron microscopic observation revealed that clostocins 0 and M were phage tail-like particles with contractile sheath round a core. The particles resembled some pyocins and also the tail of phage HM 3 of Cl. saccharoperbutylacetonicum.
It was also found that M-producing strains had simultaneously the ability of production of low molecular bacteriocin, named as clostocin D.
Bacteriocins are bacteriocidal agents produced by many species of bacteria.
They supernatant was tested for bacteriocin activity. On thd other hand, this supernatant was centrifuged at 60,000 X g for 60 min, and the pellet was resuspended in 1/20 volume of the buffer or distilled water. This suspen sion was tested for bacteriocin activity or examined under an electron microscope.
Detection of bacteriocin sensitive strains. One hun dred and fourty bacterial strains belonging to Clost ridium, Bacillus and other aerobes were used in the isolation of sensitive bacteria and in the studies of activity spectrum; the most of them were the non. pathogenic and unidentified Clostridium sp." as stated above.
Isolation of clostocin D-resistant mutant and clostocin M-resistant mutant.
As the isolated strains sensitive to clostocin M were simultaneously sensitive to clostocin D, alternative resistant strain, which showed suscep tibility to only one of the two, was isolated by the usual method.
Assay of bacteriocin. The bacteriocin activity was assayed by the double-layer method. Two fold serial dilutions of the lysate or extract were prepared, and examined for the spot test") on the sensitive indicator. An arbitary unit of activity (units/ml) was defined as the reciprocal of the highest dilution clearly showing an inhibition zone.
Induction of premature lysis.
To detect the activity of intracellular clostocin, MC-induced culture was lysed prematurely by exposure to 0.3 M NaCl at dif ferent times; NaCl at more than 0.2 M lysed both MG induced cells and uninduced control.''-'r) The lysates were adapted to the assay of clostocin activity.
Electron microscopy.
Bacteriocin preparation was negatively stained with neutral potassium phospho tungstate (PTA) or uranyl acetate (pH 4.5), and placed on grids coated with collodion-carbon.
Electron mi crographs were taken with a JEM-100B electron microscope (Japan Electron Opticus Laboratory Co.) and a HU-12 electron microscope (Hitachi Co.). For these experiments, clostocins were suspended in distilled water or 0.1 M ammonium acetate (pH 5.0). strain Nl-4 depended on the cultural age when MC was added. The critical age of culture for MC-inducing lysis was observed at a den. sity of 0.3, at which good lysis was obtained , b ut above this value, little lysis was observed . Whereas the lysis of strain No. 8 was observed at a density of more than 0.3, even at more than 0.6, showing that the lysis was not affected by the cultural age. It is difficult now to explain clearly the difference between two strains, but it seems to be an individual re sponse of bacterial strains to MC. Other dis similarities such as the time at which lysis began, the rate of lysis once initiated, and the effective concentration of MC on the induced lysis, are also difficult to interpret. was spotted on the surface of the overlayer seeded with strain to be tested for their sensi tivity.
RESULTS

Induction
The activity spectra are summarized and compared with those of small bacteriocins in Tables III-a we isolated a mutant designated as Nl-4/D which was sensitive to clostocin M, but not to clostocin D. Thus, these clostocins could be distingushed from each other by using appropriate indicator strains. It was also clear that clostocins 0 and M had a narrow activity spectrum which restricted to a certain strain of butyl-butyric Clostridia, while low molecular clostocin as A, B, C and D had a broader spectrum; A and D acted on some strains in the genus Clostridia and B and C did on many strains in the family Bacillaceae. After 3 hr, active clostocins were released into the medium and their number increased with the lysis of the cells. After 7 hr, a maximum activity (128 units/ml) was obtained.
In the case of the normal culture, no activity could be detected until 10-hr in cubation.
The production of clostocin D was inhibited by MC-treatment.
2) Intracellular development of clostocin 0 ana M.
The intracellular development of active clostocins were also investigated.
We found"' that NaCl at a concentration of more than 0.2 M lysed rapidly and successfully the MC-induced cells and the normal cells inlog phase; however, the lysis rate of the former (Fig. 7) and other 600 270A (Fig. 8) . They show cross -striations. In some of the particles, contracted sheaths are parted from the cores. The core shows a hollow tubular structure of 1250A in length and 80A in outer diameter. The de tached cores are also seen. No tail fibers and tail pins are seen. Base plates are hardly seen, but the particles in Fig. 6 are like double base plate.
The structure and size of clostocin 0 were identical to those of clostocin M (Fig. 9) . However, smaller contracted sheath hardly seen in the case of clostocin O.
DISCUSSION
The activity of clostocin 0 or M (128 units/ml) in the induced lysate was very weaker than that of other phage-like bacteriocins such as pyocin (103-10° units/ml 
